Jujuboside B (JuB) is a main bioactive saponin constituent of Ziziphi Spinosae Semen, which is a traditional herb for the treatment of insomnia and anxiety. However, the detailed metabolic mechanism of JuB is poorly understood. In this study, a novel method of rapid resolution liquid chromatography-triple quadrupole mass spectrometry was developed and validated for the analysis of JuB. With the method, the degradation kinetics of JuB by rat intestinal flora in vitro was investigated. The analysis was performed with an Agilent Eclipse Plus C18 (2.1 mm 3 50 mm, 1.8 mm) column and an aqueous mobile phase (containing 0.1% formic acid) modified by methanol. The analyte was measured by multiple reaction-monitoring (MRM) modes with m/z 1043.3 ! m/z 749.2. This method was validated with perfect accuracy, precision and limit of quantitation. It showed that jujuboside B (JuB) degradation started slowly as incubation with rat feces. The rate constant was correlated greatly with the concentration of sample solutions. Furthermore, some metabolites were elucidated with their chromatographic behavior and typical fragment ions. The results might help better interpret the metabolic and pharmacological mechanism of JuB.
Introduction
Ziziphi Spinosae Semen (ZSS), the seed of Ziziphus jujuba Mill. var. spinosa (bunge) Hu ex H.F. Chow, is a traditional herb that has been prescribed as a sedative hypnotic in China for over 2000 years (1) . Many modern studies have indicated that ZSS processes obvious pharmacological activities of anti-insomnia, anti-anxiety and so on (2) (3) (4) .
Saponins have been commonly considered the main bioactive constituents in ZSS, among which JuA and JuB are the most representative compounds (5, 6) . Although many previous studies have proved that JuA is the major pharmacological active compound (7, 8) , JuB is still considered another important constituent that contributes to the sedative bioactivities of ZSS (9, 10) . After all, they own the same aglycone of jujubogenin and differ only a glucose in the structure.
In recent years, some researchers deemed that the real effective constituent with sedative function is not the saponins but its metabolites (especially the aglycone) (11, 12) . Our previous studies have authenticated the prediction primarily (13) . Although more and more researchers pay attention to the metabolites of the saponins (14, 15) , the route for the production of metabolites is not very clear now.
It is well known that there are numerous bacteria in the gastrointestinal tract, which are essential to the normal digestive function. Before being absorbed into the body, the administered components will suffer from intensive effects inevitably by these bacteria, the distinctive enzymes and pH conditions in the gastrointestinal tract (16) . Some studies have indicated that the intestine bacteria play a key role in transforming specific metabolites (17, 18) . The significant meaning of the connection between the microbiota in the gastrointestinal tract and the health has attracted increasing attention (19, 20) .
In this study, a novel rapid resolution liquid chromatographytriple quadrupole mass spectrometry (RRLC-MS/MS) method was developed and validated for the rapid determination of JuB. With the method, the degradation kinetics of JuB transformed by rats' intestinal bacteria in vitro was investigated, and the metabolites were characterized and elucidated.
Experimental

Apparatus
The Agilent 1200 Series RRLC system (Agilent Technologies, USA) consisted of a binary pump (G1312B), vacuum degasser (G1322A), column heater (G1316B), autosampler SL Plus (G1367D) and triple quadrapole mass spectrometer (G6410B). The analytical column was Agilent Eclipse Plus C18 (2.1 mm Â 50 mm, 1.8 mm) (Agilent Technologies).
Reagents and solutions
The standard of JuB ( purity over 98.0%) was purchased from Shunbo Biotech Co., Ltd (Shanghai, China). Chromatographic pure methanol and water were supplied by J.T.Baker (J.T.Baker Chemicals, USA). General anaerobic medium (GAM; batch number: 20101102) was from Aoboxing Biotech Co., Ltd (Beijing, China). 
Animals
Chromatographic conditions and MS operational parameters
The mobile phase was a mixture of 0.1% formic acid (water) and methanol in a ratio of 45:55 (v/v) with a flow rate of 0.3 mL/min.
The column temperature was maintained at 308C, and the injection volume was 10 mL.
The MS detection was operated in the negative electrospray ionization (ESI) with MRM. The typical precursor [M-H]
2 to product ion transition was m/z 1043.3 ! m/z 749.2 for JuB. Optimal operational parameters were as follows: heater temperature 3508C, ion source voltage 4000 V, nebulizer gas pressure 35 p.s.i., fragmentor 320 V and collision energy 45 V. Under these optimized conditions, JuB was separated and detected efficiently in only 3.5 min.
Preparation of standard solutions and calibration curves 6.4 g of the GAM was weighed and dissolved in 200 mL of water. After 20 min of autoclaving, the fresh feces obtained from SD rats were added into the solution in a ratio of 1:15 (m/v). The suspension was centrifuged at 700g for 10 min at 48C, and the supernatant was then achieved as the culture solution of intestinal bacteria.
The stock solution of JuB was prepared with methanol at 1 mg/mL. It was diluted with methanol into a series of concentration: 1, 2, 4, 8, 10, 20 and 25 mg/mL. Samples of 100 mL of the solutions were gathered, respectively, and dried with N 2 . Then, the residue was dissolved with 100 mL of the culture solution. The calibration curve was performed with the standard solutions. The linearity was confirmed by plotting the chromatographic peak area (Y) of the analyte versus the analyte concentration (X).
Validation of the method
Matrix effect is induced by the other components of the sample (except the objective compound), which might affect the accuracy of the LC/MS method. The sample solutions of three concentrations (1, 8 and 20 mg/mL) were used to assess the stability, precision, accuracy and matrix effect. Inter-day variations were determined for the precision of the developed method and the stability of JuB in sample solutions at 2208C was investigated. The precision was evaluated by relative standard deviation (RSD, n ¼ 5). The accuracy was determined by the recovery test. Absolute matrix effect (M.E.%) was evaluated with the ratio of the peak areas of JuB dissolved in culture solution (A) and chromatographic mobile phase (B) at the same concentrations (A/B Â 100%). The limit of quantitation (LOQ) was the lowest concentration of the sample assayed when the signal-to-noise ratio was at least 10:1.
Data analysis
The data were indicated as mean + SD. The results were analyzed by the analysis of variance (ANOVA) for statistical comparison.
Results
Optimization of LC-MS/MS parameters
To maintain qualified peak shapes and good ionization for JuB, formic acid was added into the mobile phase. The best signal was gained with methanol -0.1% formic acid (55:45, v/v), and the run time was 3.5 min. Typical chromatograms of JuB and its blank control are shown in Figure 1 . No endogenous substances were observed to interfere with the analysis of JuB.
JuB showed a strong mass response in ESI mode with the deprotonated molecular ion [M-H] 2 at m/z 1043.3 in mass spectra. The MS/MS parameters including fragmentor and collision energy were optimized to improve the detection sensitivity through comparing peak areas of the analyte. It was shown that when the fragmentor was 320 V, the deprotonated molecular signal was the strongest. Moreover, just as shown in Figure 2 , the main fragment ions of JuB were m/z 911. 2 (loss of a xylose and a glucose). When the collision energy was 45 V, the signals of the two fragment ions were predominant, and the signal of the deprotonated molecular was weak. The sensitive mass transition of m/z 1043.3 ! 749.2 was selected for the detection of JuB.
Validation of the method
The absolute matrix effects of the method at three levels ( Table I summarizes the precision and accuracy for JuB, respectively. In inter-day precision (n ¼ 5), the RSD % values of the three concentrations were all less than 3.0%. The LOQ for JuB was found to be 10 ng/mL. The recoveries ranged from 96.3 to 114.7%.
Degradation kinetics of JuB
The result showed that JuB was fairly stable in the incubation process (378C; CO 2 environment). It decomposed slowly from the start and 10% of original content degraded in 2 h. The degradation curves of JuB at 5, 10 and 20 mg/mL are shown in Figure 3 , in which can be seen a plot of concentration (y) versus degradation time (x). On the whole, the degradation modalities of JuB were identical in the three concentrations.
Although the degradation rates were different, the three degradation curves fit the first dynamic process. The linear relationship was observed between the concentration logarithm (lnc) and the degradation time (t). In the equation lnc ¼ 2Kt þ b, the k-value (Klnc) commonly represents degradation rate constants. Klnc values of three different concentration groups (n ¼ 3) are shown in Table II . By ANOVA, the P-value was far less than 0.05, which indicated that Klnc of the three concentration levels had significant deviation. That is to say, the degradation rate of JuB was correlated with the primal concentration .
Identification of the metabolites
JuB is a triterpenoid glycoside with four bonded sugars, i.e. one glucose, one arabinose, one xylose and one rhamnose. Through . MJB 5 ( jujubogenin) was the aglycone of JuB. In addition, the production of MJB 5 increased as the extension of the degradation time, which indicated that jujubogenin might be one of the major degradation products.
Discussion
It is well known that glycoside hydrolases in the gut play a key role in the degradation of complex carbohydrates, which could help to maintain human health (21) . There are various families of glycoside hydrolases produced by the microbiota in the gut. In this case, the degradation of JuB might mainly suffer from the hydrolysis effect by these glycoside hydrolases. The generated sugars could be a supplier for the nutrient, and the aglycone (as a byproduct) could be easier to be absorbed and present its specific bioactivities in the body.
In the structure of JuB, the sugars are linked by various specific valence bonds, such as b-D-xyl-b-D-glc and a-L-ara-b-D-glc. In the degradation, they could be hydrolyzed one by one from the molecule, which further indicated the multiplicity of the gut bacterial hydrolyase. In the natural foods and herbs, there are so many components with the form of inactive glycosides. Only after being activated by the enzyme hydrolysis in the gut, they could become available for lives. It is obvious that the gastrointestinal microbiota is closely involved in the process, which could help to interpret the mechanisms of the nutrition and herb pharmacology further.
Conclusion
This paper reported the development and validation of a versatile, rapid and sensitive RRLC-MS/MS assay for the determination of JuB. The method was successfully applied to investigate the degradation kinetics of JuB by rat intestinal bacteria in vitro. The result indicated that the degradation of JuB accorded with the first dynamic process. In addition, the main metabolites were the hydrolysis products of JuB. 
